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Mammalian biogeography
ok and the Ebola virus in Africa
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INTRODUCTION

As Ebola virus transmission from wildlife has mostly been linked to people handling and
butchering wild animals for bushmeat, it is fundamental to understand how host factors,
together with ecological conditions and human behaviour contributes to Ebola virus
outbreaks.

Recent biogeographical analyses have highlighted the importance of potential hosts in
explaining the spatial assemblage of human infectious diseases worldwide (Murray et al.
2015), but a limited understanding of the animals potentially implicated in the zoonosis has
hampered mapping the extent of Ebola virus.

The ecology of the Ebola virus is complex and widely unresolved (Groseth et al. 2007). Thus,
imposing restrictions to the selection of animal species considered in a distribution model
might underrepresent the zoological substrate that could be determining the virus
distribution. Mammalian biodiversity, as a whole, could be the strongest predictor explaining
similarities between pathogeographic regions of the world (Murray et al. 2015).
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OBIJECTIVES
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* We analyse the spatial distribution of Ebola virus in Africa, independent of human-to-human
transmissions, under the hypothesis that it is influenced by how mammal species are
distributed throughout the region.

* We test this hypothesis by verifying whether a distribution model of Ebola virus, based on
variables defining the existing types of mammalian distributions in Africa (chorotypes), can
better describe the virus occurrences recorded in wildlife than a model based on
environmental descriptors alone.

* We propose a way to integrate virological, zoogeographical and environmental information
through a combination of biogeographical approaches, and define the areas where Ebola virus
may find suitable conditions to occur in the wild.

\_ _/

Metropolitan
University

44'451‘
My METABIOTA
B 0

4 )
METHODS

* Favourable areas for Ebola virus were derived from
91 events (Fig. 1a): index cases in humans, and
virus presence in other mammals (lab detection, or
abnormal increase of mortality, Fig. 2).

* A model defining environmental favourability for
Ebola virus was made by using the Favourability
Function (Acevedo & Real 2012), according to
variables describing ecosystems, abiotic factors and
anthropogenic pressures on wildlife (Fig. 1b).

* A model defining zoogeographic favourability for
Ebola virus presence was produced by defining
mammalian chorotypes (Olivero et al. 2011); and
then using the Favourability Function to build a
model based on these chorotypes (Fig. 1c).

* The environmental and zoogeographic models
were compared according to goodness of fit,
classification and discrimination capacities.

* Both models were combined using fuzzy
intersection (Fig. 1d).
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Hominidae

Cercopithecidae

Gorilla gorilla

Pan troglodytes

Colobus satanas
Colobus guereza
Mandrillus sphinx
Mandrillus leucophaeus
Papio anubis
Cercopithecus neglectus
Cercopithecus nictitans
Cercopithecus cephus

Rodentia

Muridae

Hystricidae

Mus setulosus
Praomys sp.
Atherurus africanus

Erinaceomorpha Soricidae

Sylvisorex ollula

Chiroptera

Pteropodidae

Molossidae

Eidolon helvum
Epomophorus gambianus
Epomops franqueti
Hypsignatus monstrosus
Micropteropus pusillus
Myonycteris torquata
Rousettus aegyptiacus
Tadarida condylura

Carnivora

Viverridae

Civettictis civetta

Cetartiodactyla

Suidae
Bovidae

Potamochoerus porcus
Tragelaphus spekii
Cephalophus callipygus
Cephalophus silvicultor
Cephalophus dorsalis

Serological or PCR positivity of Ebola virus

Increased mortality attributed to EVD

\_ - Figure 2. Record of Ebola virus in mammals

Environmental variables
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* The environmental model of Ebola virus (Fig. 1b) was significantly associated with terra-firme
rain forests (TFRF), natural vegetation/cropland mosaics (NVCM) and temperature range (ATR). e
* We detected 16 significant types of mammalian distributions (Fig. 3). The zoogeographic model
of Ebola virus (Fig. 1c) was associated with four chorotypes.
* The zoogeographic model showed a better goodness of fit, higher discrimination and greater
classification power than the environmental model. However, both provides significant
complementary information about the virus distribution. _ 00
* The combined model (Fig. 4a) classified correctly more than 92% of the 1°x1° squares with
records of the Ebola virus. The highly favourable region included a significantly higher
proportion of presences in non-human mammals (%%,=6.22, P<0.05), as well as in both humans
and non-human mammals (%?%,=8.00, P<0.01). In contrast, presences recorded only in humans
were significantly located within the intermediate favourability areas (*,=19.16, P<0.001).
\'The combined model was downscaled to 0.1°x0.1° squares (Fig. 4b). / L
A \“ !
< | Figure 3. Analysis of mammalian chorotypes | -
021 | '_?_*ljgé e '
0.41 B * * L% §§§§| A%.,,;w/
0.6 1 ol § <I<<i> \?. (/,
. st : ff“}lhmﬁf“:;ﬁ?l Ll W
[ ) )/( Intermediate favourability
CD Y/
Ry ; Low favourability
G ‘\\\L /{)/
-10° —+ @ Evidence of Ebola virus infection only in non-human mammals A —+-10°
O Evidence of Ebola virus infection in humans and in other mammals
O Evidence of Ebola virus infection only in humans O :
| | | hY | X
I I I I I
-10° 0° 10° 20° 30°
Figure 4. Areas where Ebola virus may find suitable conditions to occur in the wild
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